The objective of this review is to examine the degree of variation that exists in the achieved height of preadolescent and adolescent children across populations experiencing favorable conditions that support linear growth. Fifty-three population groups were identified that reported mean heights for economically privileged populations from all major continents. Graphic representation of the heights for these populations indicates that the mean height of preadolescent children differs by 3 to 5 cm, whereas population means begin to diverge from the National Center for Health Statistics/World Health Organization (NCHS/WHO) reference at puberty, with most non-European populations falling to approximately 5 cm below the reference and northern European populations exceeding the reference by a similar amount. We conclude that the evidence for limited interpopulation variation in the height of preadolescents supports consideration of a single growth reference for children up to puberty, but the uncertainty of the causes of the divergence in achieved height during puberty requires further research in order to establish an appropriate adolescent growth reference.
Introduction
In order for a growth reference standard to be useful, it must recognize the variation in achieved growth that exists among and between the populations it is intended to serve. The reference standards in common use today to assess growth of preschool-aged children assume that all populations, regardless of genetic or ethnic background, would achieve similar mean heights if they were afforded the opportunity for most children in that population to achieve a genetically prescribed growth potential. The evidence supporting this assumption is derived from research on interpopulation variation in the height of 7-year-old children reported by Habicht et al. [1] and elaborated by Martorell and Habicht [2] . The basis of this assumption has been challenged by Eveleth and Tanner [3] , raising questions not only about the universality of preschool reference standards, but also about the development of useful reference standards for older children and adolescents.
Ulijaszek [4, 5] concluded, after evaluating the ethnic differences in mean heights of 7-year-old children from a large number of studies, that a single reference standard is probably suitable for preadolescents, except perhaps for Asian populations, where heights are about 1.0 to 1.7 cm less than in other population groups from Europe, Africa, North America, and Latin America. This comprehensive study of the published literature also evaluated selected indicators of adolescent growth for ethnic differences and concluded that Asian populations also differed from all others in achieving an earlier age of peak height velocity (PHV), whereas the amount of growth during the year of peak height growth was similar across the various ethnic population groups.
Ulijaszek did not examine population differences in achieved size at various ages during adolescence or at attainment of adult size. In the current review of the published literature on attained height of children and adolescents between 7 and 18 years of age, we provide additional evidence for determining whether new growth references for this age group need to be population specific or whether a single reference may be developed that serves all populations.
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Methods
This paper reviews the published research literature on worldwide variation in childhood and adolescent growth. In reviewing the literature that was most relevant to addressing the question of universal versus local growth reference standards, specific criteria were established for selecting studies. The study had to include children and adolescents between 7 and 18 years of age, separated by sex, and mean heights presented in annual age groups. Primary consideration was given to studies of nominally healthy, "well-off, " "higher socioeconomic status, " or "privileged" subjects who would be exposed to environments that promote maximum linear growth or the greatest probability of achieving individual genetic potential for linear growth. When the data were available, we used the culmination of a positive population secular trend to confirm that this maximal growth potential was achieved. We also sought studies of multiracial populations and international migrants who moved to more advantaged environments. We did not include nationally representative survey data from less-developed countries unless data were presented that allowed high socioeconomic status to be identified as a distinct subgroup.
The data were obtained from a variety of sources. A primary reference was Eveleth and Tanner, Worldwide Variation in Human Growth, second edition [3] , which included a large number of published and previously unpublished studies available before 1988. This source was supplemented with more recent studies identified through the use of various search engines available over the Internet.* The studies identified by this process are probably representative of the range of populations studied for growth, but they are not likely to be comprehensive or a random selection of all studies conducted on qualified populations. The data extracted from these studies include height for annual age groups expressed as means or medians, with standard deviations or percentiles when available; age expressed as age ranges, means, or medians for annual age groups; demographic and social characteristics such as sex, socioeconomic and health conditions, racial or ethnic classification, and migration status. The vast majority of studies employed cross-sectional sampling. The few longitudinal studies were included if they represented the higher socioeconomic class of the particular country. Most of the data were obtained directly from published tables. Several studies reported data only in graphs, from which estimated values were extracted by age group. Percentile data were converted to the 10th and 90th percentiles. All ages were centered at the mean of the age group, which tended to be at the half year of one-year age groups. So that evaluation could be made of age trends within a population, only studies that reported yearly mean heights over at least a 3-year period were included.
The data are expressed in graphs according to the major geographic areas where ancestral populations evolved and lived prior to the colonial period (ca 1492 AD for Africa, Asia, and Europe), as well as the areas of major population expansion from ancestral homes after 1492 (Europe, the Americas, and Australia). Although this classification of populations resembles the ethnic classification used by Ulijaszek [5] , it differs in its emphasis on geographic populations rather than ethnic groupings. No simple classification can identify ancestral subpopulations that reflect reproductive isolation or other evolutionary processes that may have led to genetic differences in achieved growth. The classification employed in the current review is an attempt to group populations by broad, geographically based regions of ancestral origins. We recognize that these groupings do not adequately reflect the isolation of precolonial-period populations because of the considerable admixing of populations within geographic regions before the colonial period and more recently between populations. However, the groupings do represent major geographic divisions that facilitate interpopulation comparisons around the world and reflect the current population diversity for which a contemporary growth reference will be used.
Data are presented graphically for selected ages between 7 and 18 years. No statistical analysis was performed to test for the significance of population differences in achieved growth or age trends in growth.
Results
The results are presented in four sections. The first section presents the background on the studies identified for this analysis. This is followed by presentation of interpopulation comparisons of mean heights of boys and girls within four geographic regions at each of four ages: 7, 10, 13, and 17 years. Age trends in the deviation in mean achieved height from the National Center for Health Statistics/World Health Organization (NCHS/WHO) reference [6] are presented for selected samples representing the tallest or most privileged population in each geographic area and, where appropriate, according to international migration status. To further evaluate pubertal growth and its relation to prepubertal growth, we estimated the approximate increment in growth during the pubertal period and compared it with the mean height of the population at the beginning of puberty.
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Description of the studies
A total of 53 study samples of nominally healthy chil-dren and adolescents representing four major ancestral population regions were identified for the analysis of interpopulation variation in height growth. The study . 2) follow the same trend as boys; American Indian girls as a group are slightly taller than girls from Europe and Africa, and the mean heights of girls in the tallest samples from each region are within 3 cm of the reference median of 123 cm. The range between the shortest and tallest mean or median values within a geographic region is approximately 9 cm. The midpoint across population means within a region is about 1 cm below the NCHS/ WHO reference median for both sexes. At 10 years of age, there are similar ranges in mean heights across regions for both boys and girls, and the midpoints of the heights are very similar to the NCHS/WHO reference median values of 140 and 141 cm for boys and girls, respectively. The tallest boys in each region do not differ greatly, with heights between 140 and 144 cm. For 10-year-old girls, the maximum heights in each region vary from 140 cm for African-American girls to 144 cm for girls in urban Mexico.
At 13 years of age, the mean heights of boys vary by a similar amount across regions and generally average about 2 cm below the NCHS/WHO reference median. The tallest boys in each region range from 159 to 163 cm. The mean heights of 13-year-old girls in Africa and Asia are uniformly about 4 cm less than the values in Europe and the NCHS/WHO reference value. The mean heights of the tallest girls in each region range from 158 to 161 cm, while the NCHS/WHO reference median is 159 cm.
By 17 years of age, the greatest differences are observed across regions, with northern European boys and girls being the tallest and Asian boys and girls the shortest. The variation among samples within regions, 47 Cyprus 
Selected samples from each region
If a reference is to be based on the healthiest children in a population, and the healthiest children are most likely to achieve their genetically programmed potential for linear growth, then comparison of the tallest sample of children within an ethnic or geographic group may provide information on genetic differences in height. The comparison of maximum achieved height across regions would be useful to justify decisions on whether population-specific references are appropriate for certain age groups. FIG. 4. Mean height-for-age z-scores for preadolescent and adolescent girls from selected "privileged" populations. Zscores calculated from NCHS/WHO (1983) [6] Interpopulation variation in child and adolescent height S218 children in several groups (Italian, Plains Indian, Chinese, Japanese, and Mexican-American) have declined relative to the NCHS/WHO reference. In contrast, the sample from the Netherlands begins to diverge above the reference and all other groups. At 17 years of age, the Dutch boys are 5 cm taller than the reference and the Mexican-American and Japanese boys are approximately 5 cm shorter than the reference, a difference between the extremes of nearly 2 SD.
The trend for girls ( fig. 4) is similar to that for boys. Consistent with the earlier timing of the pubertal growth spurt, the mean values for the Dutch, Mexican-American, and Japanese girls begin to diverge from the reference approximately 2 years earlier than observed for boys. By 17 years of age, the Dutch girls are 7 cm taller than the NCHS/WHO reference and the Mexican-American and Japanese girls are approximately 5 cm below the reference.
Height growth during puberty
Considering that the greatest interpopulation differences in achieved height appear to occur during puberty, we examined the amount of growth that occurs for each population between the approximate initiation of puberty and the approximate achievement of adult height. Figures 5 and 6 show the interpopulation variation according to geographic region for the calculated difference in mean heights from 11 to 17 years in boys and from 10 to 17 years for girls. European populations, in general, have the greatest amount of growth during puberty and East Asian populations the least. The ranges within a region are very large, especially for East Asia and Europe, where there are more populations represented. The wide range represented by European populations seems to be divided between those with a higher approximate growth rate from Northern Europe and those with the lowest rate from Southern Europe and among migrants from Europe to less developed regions, with values computed from the NCHS/WHO reference in the middle to lower end of this range.
In order to investigate whether the pubertal period could be a period of catch-up for slower prepubertal growth, we plotted the pubertal growth shown in figures 5 and 6 by the height at the beginning of the pubertal period. Figures 7 and 8 present these relationships. In general, children from populations that enter puberty with the lowest stature appear to have the greatest growth in stature during puberty, with significant (p < .05) Pearson correlations of -0.32 and -0.40 for boys and girls, respectively. Within geographic subgroups, the negative association between initial stature and pubertal change in stature persists and is generally stronger than it is for the entire sample. The strongest associations are seen for the eight populations from central and Southern Europe (r = -0.91 and -0.86 for boys and girls, respectively) and the eight East Asian populations (r = -0.84 and -0.81). In South and West Asian populations, there is no correlation for the six samples of boys, but a very strong correlation (r = -0.96) for the four samples of girls. The correlations for the seven populations of migrants from Europe are -0.74 and -0.53 for boys and girls, respectively. The trends for the African and Northern European regions, which are each represented by only three populations, are difficult to interpret. 
Discussion
The data on achieved height of 7-year-old children from more recent studies identified for this analysis confirm previous observations by Habicht et al. [1] and Ulijaszek [5] that there are very few interpopulation differences in average height growth of preschool children from the highest socioeconomic levels. These authors therefore conclude that genetic factors have a minimal impact on the interpopulation variation in early linear growth. The exceptions to this trend are the East Asian populations, which tend to be about 2 cm shorter than populations from other regions. However, as Ulijaszek [5] points out, many of these Asian populations appear to be experiencing a secular trend in height growth, which when completed may close the gap for attained height during the prepubertal period.
The trend for limited interpopulation differences in attained height appears to continue until the onset of puberty. The current study does not attempt to systematically analyze the differences in height between socioeconomic groups within the same ethnic or geographic Interpopulation variation in child and adolescent height S220 population. However, according to the limited data that are available from studies reviewed here, the differences in mean height due to socioeconomic variation within a population are generally greater than the differences in means of the most privileged children across ethnic or geographic groups. This observation was previously reported by Habicht et al. [1] and by Martorell and Habicht [2] for 7-year-old children, and it continues to be valid for children through at least 10 years of age in the current review.
Of those nominally healthy samples that differ from the NCHS/WHO reference, most diverge at the approximate age when the pubertal growth spurt begins, and by the end of puberty the differences are greater than at the outset of puberty. It is difficult to determine whether the apparent reduction in linear growth rate during puberty for most of these groups is due to genetic factors or sampling errors resulting from age cohort differences in previous environmental exposures. Most of the studies reported here are from cross-sectional samples, where one might suspect that, for some populations, the stage of a positive secular trend might be experienced differently by different age cohorts. Younger children may have been exposed to more favorable environments during the critical preschool age years than were the older children, who also experienced limited catch-up growth. The observation that populations that are shortest when entering puberty appear to grow the most during puberty may suggest that some catch-up potential exists at this rather late but dynamic phase of linear growth. However, sorting out population secular trend effects from individual catch-up growth is impossible with cross-sectional data and can only be partially resolved with longitudinal data that are currently available in the published literature. Thoughtful examination of longitudinal data for individual children from sequential studies of the same population groups over several decades would help resolve this issue.
The apparent faltering of growth for most non-European populations seems to contradict the findings of Ulijaszek [4, 5] , who examined two features of the pubertal growth spurt reported in longitudinal studies of a variety of populations. He showed that the amount of linear growth occurring during the year of PHV did not differ across a wide range of the world's population groups. Further, the age at which PHV was observed is very similar across populations, with the exception of some Asian populations that began their peak growth earlier than the other groups. Exactly how these observations influence our interpretation of interpopulation variation in achieved height throughout puberty needs further investigation. The timing and intensity of the adolescent growth spurt are only two parameters that influence achieved size. It is also necessary to examine the amount of growth that occurs during the years before and after the year of PHV as well as the length of the pubertal growth period in order to determine the total amount of pubertal growth that is added to the prepubertal achieved height that determines final adult stature.
The genetic and/or environmental factors that influence the onset and duration of puberty within and between populations preclude speculation about factors that affect variation in height across populations. It might be useful to analyze population differences in achieved height relative to developmental landmarks of puberty, such as those observed from secondary sex characteristics. This would allow interpopulation comparisons of height at specific chronological ages for population groups that share similar timing and tempo of pubertal development. Where longitudinal data exist, it would be informative to extend the analysis performed by Ulijaszek [5] to include population comparisons of the growth experience throughout puberty, by relating the timing and amount of growth during the year of PHV with stature achieved in early adulthood.
Conclusions about whether interpopulation variation in achieved growth may be due to ethnic or genetic differences are tempered by the paucity of recent data from several important population groups, including Africans in Africa and indigenous populations in the Americas. North America, South America, and Africa are large continents with considerable genetic, ethnic, and environmental diversity among the indigenous populations that have resided there for thousands of years. The available evidence obtained for this review is limited to a few older studies on populations that may have experienced favorable environmental conditions for achieving linear growth potential. These populations were probably still experiencing a secular trend in linear growth or were represented by migrant or native populations with substantial genetic admixture from colonizing populations.
The greater achieved stature of the Northern European populations compared with the NCHS/WHO reference and all other populations requires further study. Whether these populations represent a growth potential that is achievable by all populations living under ideal environmental conditions depends on whether one can subscribe to the position that "bigger is better" with regard to linear growth. It is yet to be determined whether environmental and dietary factors unique to Northern Europe or genetic isolation and homogeneity may have accounted for this unusual growth pattern. A study of Northern European migrants to favorable environments in a variety of developed countries could be useful in explaining the very tall stature of this population group.
A fundamental problem with any exercise that attempts to describe human biological variation as a racial phenomenon is that the race concept as applied to humans is invalid. Although race is used as a social, S221 demographic, and political instrument, it has no legitimacy in human biology [60] . The current analysis uses the term geographic or ethnic group to identify subpopulations that may show sufficient reproductive isolation and/or differences in ancestral environments that could have affected genotypic variation. Whether the degree of isolation and ancestral environmental exposures experienced by these subpopulations is sufficient to affect the genes that control linear growth has not been tested. However, if subpopulation differences in achieved growth are observed under environmental conditions that support maximum linear growth, there is sufficient justification to explore genetic explanations for these differences.
Conclusions
This review of worldwide variation in preadolescent and adolescent growth indicates that some differ-ences in achieved linear growth exist across a broad array of human populations that could be considered nominally healthy. However, these patterns are not uniform across all ages. There is sufficient evidence to suggest that average linear growth up to the onset of puberty is similar across populations that experience favorable growing environments. Potential population differences in the initiation and progression of puberty may account for the large differences seen in achieved height during and after puberty. However, one cannot discount the effect of secular trends that confound age-specific growth patterns across cohorts in explaining some of the divergence of achieved heights with increasing age through puberty. The large differences between the heights of healthy young adults in Japan and Northern Europe compared with heights in the rest of the world's populations suggest very different growth patterns during puberty and the possibility that unique environments and genetic factors may account for these growth differences.
